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FOREWORD 
The p r i n c i p a l  aim o f  h e a l t h  c a r e  r e s e a r c h  a t  IIASA h a s  
been t o  d e v e l o p  a f a m i l y  o f  submodels o f  n a t i o n a l  h e a l t h  c a r e  
sys tems  f o r  u s e  by h e a l t h  s e r v i c e  p l a n n e r s .  The model ing  work 
i s  p r o c e e d i n g  a l o n g  t h e  l i n e s  proposed i n  t h e  I n s t i t u t e ' s  c u r -  
r e n t  Research  P l a n .  I t  i n v o l v e s  t h e  c o n s t r u c t i o n  o f  l i n k e d  
submodels d e a l i n g  w i t h  p o p u l a t i o n ,  d i s e a s e  p r e v a l e n c e ,  r e s o u r c e  
need,  r e s o u r c e  a l l o c a t i o n ,  and r e s o u r c e  supp ly .  
Th i s  p a p e r  a n a l y z e s  i n - p a t i e n t  h o s p i t a l  c a r e  i n  Poland,  
u s i n g  DRAM (Disaggrega ted  Resource A l l o c a t i o n  Model) . For  t h e  
s t u d y ,  p a r a m e t e r s  f o r  e i g h c  t r e a t m e n t  c a t e g o r i e s ,  one mode o f  
c a r e ,  and t h r e e  h e a l t h  c a r e  r e s o u r c e s  w e r e  i d e n t i f i e d  and em-  
p i r i c a l  r e s u l t s  w e r e  o b t a i n e d  u s i n g  1969 and 1970 d a t a .  Pre-  
d i c t i o n s  o f  r e s o u r c e  a l l o c a t i o n s  f o r  g e n e r a l  med ic ine ,  g e n e r a l  
s u r g e r y ,  and o b s t e t r i c s  and gynaecology have  a l s o  been p r e s e n t e d .  
R e l a t e d  p u b l i c a t i o n s  i n  t h e  H e a l t h  Care Systems Task a r e  
l i s t e d  a t  t h e  end o f  t h i s  r e p o r t .  
Andre i  Rogers 
Chairman 
Human S e t t l e m e n t s  
and S e r v i c e s  Area 
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ABSTRACT 
T h i s  p a p e r  p r e s e n t s  a  f u r t h e r  a p p l i c a t i o n  o f  DRAM, which 
was developed a t  IIASA t o  h e l p  h e a l t h  c a r e  p l a n n e r s  i n  a n a l y z i n g  
and e v a l u a t i n g  r e s o u r c e  a l l o c a t i o n  d e c i s i o n s .  
T h i s  t i m e  a n  e f f o r t  h a s  been made t o  c a l i b r a t e  DRAM f o r  
i n - p a t i e n t  h o s p i t a l  c a r e  i n  Poland.  The p a r a m e t e r i z a t i o n  pro-  
c e d u r e s  have  been performed f o r  e i g h t  p a t i e n t  c a t e g o r i e s  ( c h i l d  
s u r g e r y ,  g e n e r a l  med ic ine ,  g e n e r a l  s u r g e r y ,  o b s t e t r i c s  and 
gynaecology,  ophthalmology,  o t o r h i n o l a r y n g o l o g y ,  t r a u m a t i c  
and o r t h o p a e d i c  s u r g e r y ,  and  p a e d i a t r i c s )  and t h r e e  r e s o u r c e  
t y p e s  ( h o s p i t a l  b e d s ,  h o s p i t a l  d o c t o r s ,  and h o s p i t a l  n u r s e s ) .  
The d a t a  s e t  c o n s i s t s  o f  2 2  a d m i n i s t r a t i v e  r e g i o n s  i n  1969. 
The a b i l i t y  w i t h  which t h e  submodels w e r e  a b l e  t o  r e p r o -  
duce t h e  a c t u a l  a l l o c a t i o n s  v a r i e d  from one t r e a t m e n t  c a t e g o r y  
t o  a n o t h e r .  ( S i x  submodels w e r e  used:  3 one- resource ,  2 two- 
r e s o u r c e ,  and 1  t h r e e - r e s o u r c e  submodels .)  Thus f o l l o w i n g  t h e  
c r i t i c a l  a n a l y s i s  i n  s e c t i o n  4.11, t h e  t h r e e  p a t i e n t  c a t e g o r i e s  
( g e n e r a l  med ic ine ,  g e n e r a l  s u r g e r y ,  and o b s t e t r i c s  and gynaeco- 
l o g y )  t h a t  appeared  t o  r eproduce  t h e  a l l o c a t i o n  p a t t e r n s  most 
s u c c e s s f u l l y  w e r e  chosen.  
The r e e v a l u a t e d  DRAM f o r  reduced number o f  c a t e g o r i e s  and 
f o r  two r e s o u r c e s  -- h o s p i t a l  beds  and h o s p i t a l  d o c t o r s  -- was 
t h e n  used t o  p r e d i c t  r e s o u r c e  a l l o c a t i o n s  i n  some r e g i o n s .  
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1. INTRODUCTION 
DRAM ( D i s a g g r e g a t e d  Resource A l l o c a t i o n  Model) h a s  been 
developed by t h e  Hea l th  Care Systems Task a t  IIASA (Gibbs 1978; 
Hughes 1978a ,b ,c ;  Aspden 1980) t o  h e l p  p l a n n e r s  i n  a l l o c a t i n g  
r e s o u r c e s  f o r  h e a l t h  c a r e  sys tems (HCS). With t h i s  model one 
c a n  a n a l y z e  t h e  consequences  o f  a c e r t a i n  mix o f  r e s o u r c e  a l l o -  
c a t i o n  f o r  t h e  p r o v i s i o n  o f  h e a l t h  c a r e  s e r v i c e s .  The model i s  
c u r r e n t l y  b e i n g  t e s t e d  by g roups  i n  s e v e r a l  c o u n t r i e s ,  and some 
r e s u l t s  from t h i s  work a r e  now a v a i l a b l e  f o r  compar ison.  I n  
g e n e r a l ,  t h e s e  r e s u l t s  i n d i c a t e  t h e  b road  a p p l i c a b i l i t y  o f  t h e  
model t o  d i f f e r e n t  s e c t o r s  o f  t h e  HCS ( a c u t e  c a r e  o r  c a r e  f o r  
t h e  c h r o n i c a l l y  ill and e l d e r l y ) ,  and t o  c o u n t r i e s  ( such  a s  
Canada, Czechos lovak ia ,  and t h e  U K )  w i t h  s u b s t a n t i a l l y  d i f f e r e n t  
p h i l o s o p h i e s  o f  h e a l t h  c a r e  p r o v i s i o n .  
Based on t h e  p r o c e d u r e s  se t  o u t  i n  Aspden and Rusnak (1980) 
and Aspden ( 1 9 8 0 ) ,  t h i s  p a p e r  b e g i n s  w i t h  a b r i e f  d e s c r i p t i o n  
o f  DRAM and i s  f o l l o w e d  by a s e c t i o n  p r e s e n t i n g  b a s i c  informa-  
t i o n  on i n - p a t i e n t  h o s p i t a l  c a r e  i n  Poland,  t h e  c h o i c e  o f  t r e a t -  
ment c a t e g o r i e s ,  and d e f i n i t i o n s  o f  t h e  DRAM v a r i a b l e s  used  i n  
t h i s  P o l i s h  c a s e  s t u d y .  I n f o r m a t i o n  on t h e  DRAM p a r a m e t e r  
e s t i m a t i o n  p roces s  and how it i s  a p p l i e d  t o  s e v e r a l  proposed 
models i s  then  g iven .  The paper  ends by showing how DRAM 
could  be used t o  i n v e s t i g a t e  some chosen p lanning  i s s u e s  f o r  
P o l i s h  i n - p a t i e n t  h o s p i t a l  c a r e .  
The growing i n t e r e s t  of  t h e  Min i s t ry  o f  Hea l th  Care and 
Welfare i n  t h e  a p p l i c a t i o n  of modern systems a n a l y s i s  t o  h e a l t h  
c a r e  system management has  encouraged t h e  a u t h o r  t o  i n i t i a t e  
t h e s e  s t u d i e s ,  and it i s  hoped t h a t  t h e  r e s e a r c h  w i l l  con t inue .  
2 .  A HEALTH CARE RESOURCE ALLOCATION MODEL: DRAM 
Heal th  s e r v i c e s  cannot  be adminis te red  i n  a  r i g i d ,  c e n t r a -  
l i z e d  way. I n  every  count ry ,  it i s  t h e  d o c t o r s  who u l t i m a t e l y  
determine t h e  use of  h e a l t h  c a r e  r e sou rces  ( e . g . ,  h o s p i t a l  beds ,  
d o c t o r s ,  n u r s e s )  a v a i l a b l e  t o  them. The s p e c i f i c  q u e s t i o n  un- 
d e r l y i n g  DRAM is:  I f  t h e  d e c i s i o n  maker p rov ides  a  c e r t a i n  mix 
of r e sou rces ,  how w i l l  t h e  h e a l t h  c a r e  system a l l o c a t e  them? 
There a r e  two assumptions about  t h e  behavior  of  t h e  h e a l t h  
c a r e  system i n  DRAM. F i r s t  i t  i s  assumed t h a t  t h e r e  i s  never 
s u f f i c i e n t  supply of  r e s o u r c e s  t o  meet a l l  t h e  p o t e n t i a l  ( o r  
i d e a l )  demands f o r  them ( F e l d s t e i n  1967; Rousseau 1977) . 
For changing r e sou rce  a v a i l a b i l i t i e s ,  t h e  model s imu la t e s  
t h e  balance chosen by t h e  many agen t s  i n  t h e  system ( d o c t o r s ,  
n u r s e s )  i n  terms of  t r ea tmen t  c a t e g o r i e s ,  a l t e r n a t i v e  combina- 
t i o n s  (modes) of c a r e  w i t h i n  t h e  same t r e a t m e n t  ca t ego ry ,  and 
q u a n t i t y  and q u a l i t y  of c a r e .  The second behav io ra l  assumption 
i n  DRAM i s  t h a t  t h e  h e a l t h  c a r e  system behaves a s  i f  i t  were 
maximizing a  c e r t a i n  p re fe rence  ( o r  u t i l i t y )  f u n c t i o n ,  which 
i n c r e a s e s  wi th  t h e  number of p a t i e n t s  t r e a t e d  and t h e  r e s o u r c e s  
r ece ived  by each.  The parameters  of  t h i s  u t i l i t y  f u n c t i o n  can  
be i n f e r r e d  from p a s t  a l l o c a t i o n s  t hus  e n a b l i n g  h e a l t h  c a r e  
p l anne r s  t o  i n v e s t i g a t e  t h e  consequences of d i f f e r e n t  a l l o c a -  
t i o n s  of  r e sou rces .  
There a r e  J t r e a t m e n t  c a t e g o r i e s  ( j  E ? = { 1 , 2 ,  . . . , J]) , 
K t r e a t m e n t  modes (k E K = { 1 , 2 ,  . . . ,K))  and L r e s o u r c e  t y p e s  
(1 E = { 1 , 2 ,  ..., L ) ) . *  The d e f i n i t i o n s  o f  t h e  v a r i a b l e s  used 
i n  DRAM a r e  a s  fo l l ows :  
x j k  = numbers o f  i n d i v i d u a l s  i n  t h e  j - t h  p a t i e n t  c a t e g o r y  
who r e c e i v e  r e s o u r c e s  i n  t h e  k - th  mode o f  c a r e  ( p e r  
head of  p o p u l a t i o n  p e r  y e a r )  
X = t h e  i d e a l  number of  i n d i v i d u a l s  i n  t h e  j - t h  p a t i e n t  jk 
c a t e g o r y  who should  r e c e i v e  r e s o u r c e s  i n  t h e  k - th  mode 
of  c a r e  ( p e r  head o f  popu la t i on  p e r  y e a r )  assuming no 
c o n s t r a i n t  on r e s o u r c e  a v a i l a b i l i t y  
Y j k l  = supply  o f  r e s o u r c e  t ype  1 r e c e i v e d  by each  i n d i v i d u a l  
i n  t h e  j - t h  p a t i e n t  c a t ego ry  i n  t h e  k- th  mode o f  c a r e  
' jk l  = t h e  i d e a l  l e v e l s  o f  supply  o f  r e s o u r c e  t y p e  1 f o r  
each  i n d i v i d u a l  i n  t h e  j - t h  p a t i e n t  c a t e g o r y  i n  t h e  
k- th  mode o f  c a r e  assuming no c o n s t r a i n t  on r e s o u r c e  
- 
a v a i l a b i l i t y * *  
R1 = t h e  a v a i l a b i l i t y  o f  r e sou rce  t ype  1 ( p e r  head of  
p o p u l a t i o n  p e r  y e a r )  
C1 = margina l  c o s t  o f  r e sou rce  t ype  1 when a l l  demands 
a r e  s a t i s f i e d  
The u t i l i t y  f u n c t i o n  ( Z )  used i n  DRAM d e p i c t s  t h e  many 
a g e n t s  who c o n t r o l  t h e  a l l o c a t i o n  o f  h e a l t h  c a r e  r e s o u r c e s  
a s  t r y i n g  t o  a t t a i n  i d e a l  l e v e l s  o f  s e r v i c e  ( X )  and supply  
(Y). However, t h e i r  d e s i r e  t o  i n c r e a s e  t h e  a c t u a l  l e v e l s  
o f  s e r v i c e  (x )  and s u p p l y ( y )  d e c r e a s e s  a s  t h e s e  l e v e l s  g e t  
h i g h e r .  The c o s t s  o f  d i f f e r e n t  r e s o u r c e s  a r e  i n t roduced  i n  
such a way t h a t  t h e  marg ina l  i n c r e a s e s  i n  Z ,  when i d e a l  l e v e l s  
* 
I n  t h e  paper  J=8,  K=l, L=1,2 ,or  3 depending on t h e  DRAM t y p e ,  
i . e . ,  f o r  a one-resource  model, L=l ,  f o r  a two-resource model, 
L=2,  and f i n a l l y  f o r  a t h r e e - r e s o u r c e  model, L=3. 
**  
I n  t h e  s e q u e l ,  x , y  a r e  used t o  deno te  { X . ~ ] , { Y , ~ ~ ]  r e s p e c t i v e l y ,  
w i t h  a l i k e  n o t a t i o n  f o r  s i m i l a r l y  subsc&lp t ed  v a r i a b l e s .  
a r e  a c h i e v e d  (x=X, y=Y),  e q u a l  t h e  m a r g i n a l  r e s o u r c e  c o s t s .  
Beyond t h e s e  l e v e l s ,  e x t r a  r e s o u r c e s  a r e  o n l y  u s e f u l  a s  
a s s e t s  and n o t  f o r  t r e a t i n g  p a t i e n t s .  The u t i l i t y  f u n c t i o n  
( Z )  i s  a  we igh ted  sum o f  m o n o t o n i c a l l y  i n c r e a s i n g ,  concave 
power f u n c t i o n s .  These f u n c t i o n s  assume c o n s i s t e n c y  i n  t h e  
a g g r e g a t e  b e h a v i o r  o f  t h e  h e a l t h  c a r e  sys tem.  These c o n s i -  
d e r a t i o n s  c a n  b e  e x p r e s s e d  i n  t h e  f o l l o w i n g  mathemat ica l  form: 
s u b j e c t  t o  
where 
'? 
3 )  a .  (>  0 )  i s  a  p a r a m e t e r  measur ing  t h e  r e l a t i v e  impor- 
I 
t a n c e  o f  t r e a t i n g  t h e  i d e a l  number o f  i n d i v i d u a l s  
x ( h i g h e r  v a l u e s  i n d i c a t e  g r e a t e r  impor tance)  jk  
4 )  f3 jkl ( >  0 )  i s  a  p a r a m e t e r  measur ing  t h e  r e l a t i v e  impor- 
t a n c e  o f  a c h i e v i n g  t h e  i d e a l  l e v e l  Y j k l  ( a g a i n ,  h i g h e r  
- 
v a l u e s  i n d i c a t e  g r e a t e r  impor tance)  
Hughes (1978~) has shown that the solution of the optimization 
problem formulated in equation (1) is as follows 




I c  Y 1 1 jkl 
of the terms 
and where X1 are the solutions of the following set of equations 
The algorithm for determining the solutions (equations 2 and 3) 
has been developed by Hughes and Wierzbicki (1980). This al- 
gorithm has been programed, and requires no specialized soft- 
ware. Experience has shown that the computer program is 
easily transferred from computer to computer. 
3. AN APPLICATION OF DRAM TO IN-PATIENT HOSPITAL CARE I N  
POLAND 
I n  t h i s  s e c t i o n  some b a s i c  f i g u r e s  and management c h a r -  
a c t e r i s t i c s  o f  t h e  P o l i s h  h e a l t h  c a r e  s y s t e m ' s  i n - p a t i e n t  
h o s p i t a l  c a r e  a c t i v i t y  a r e  p r e s e n t e d .  The a im i s  t o  pa ra -  
m e t e r i z e  DRAM f o r  i n - p a t i e n t  h o s p i t a l  c a r e  d a t a  and t o  u s e  
t h e  e s t i m a t e d  p a r a m e t e r  s e t  t o  i n v e s t i g a t e  t h e  consequences  
of  t h e  chang ing  mix o f  h e a l t h  c a r e  r e s o u r c e  a l l o c a t i o n  on 
t h e  h e a l t h  s e r v i c e s  s u p p l y  l e v e l .  ( O u t - p a t i e n t  c a r e  w i l l  be  
b r i e f l y  d i s c u s s e d  i n  s e c t i o n  4 .3 . )  
Data f o r  1969* is  used f o r  theDm p a r a m e t e r i z a t i o n  and 
t h e  r e s u l t s  a r e  t e s t e d  w i t h  1970 d a t a .  (These y e a r s  w e r e  
chosen because  o f  t h e  c o n s i s t e n c y  o f  t h e  d a t a . )  E i g h t  t r e a t -  
ment c a t e g o r i e s  a r e  chosen  and some measures f o r  t h e  d i f f e r e n t  
r e s o u r c e  t y p e s  a r e  p roposed .  
3.2.  I n - P a t i e n t  H o s p i t a l  Care  i n  Poland 
I n  1969 Poland was d i v i d e d  f o r  a d m i n i s t r a t i v e  p u r p o s e s  
i n t o  22 r e g i o n s .  There  w e r e  19 s o - c a l l e d  v o i v o d s h i p s  and f i v e  
l a r g e - c i t y  d i s t r i c t s ,  among them Warsaw -- t h e  c a p i t a l  o f  
Poland.  Medica l  i n - p a t i e n t  and o u t - p a t i e n t  c a r e  u n i t s  were 
m o s t l y  managed by l o c a l  r e g i o n a l  d e c i s i o n  c e n t e r s ;  however 
t o t a l  e x p e n d i t u r e s  f o r  t h e  h e a l t h  c a r e  sys tem w e r e  d e f i n e d  
* 
I n  1973 t h e  r e o r g a n i z a t i o n  o f  t h e  P o l i s h  h e a l t h  c a r e  sys tem 
r e s u l t e d  i n  t h e  i n t e g r a t i o n  o f  i n - p a t i e n t  and o u t - p a t i e n t  
c a r e  s e r v i c e s .  A f t e r  t h i s  t i m e ,  d a t a  sets  f o r  i n - p a t i e n t  and 
o u t - p a t i e n t  c a r e  were d i f f i c u l t  t o  o b t a i n  because  o f  changes  
i n  t h e  a d m i n i s t r a t i v e  s t r u c t u r e  o f  r e g i o n s  i n  Poland (49 re- 
g i o n s  i n s t e a d  o f  t h e  former  17) i n  1975. T h e r e f o r e  t h e  model 
c a l i b r a t i o n  h a s  been performed f o r  t h e  t i m e  p e r i o d  when d a t a  
were t o  b e  c o l l e c t e d  i n  a  c o n s i s t e n t  way. 
every  y e a r  by t h e  pa r l i amen ta ry  budget  and t h e n  a l l o c a t e d  among 
r e g i o n s  i n  a  f a i r l y  r i g i d  way by t h e  ÿ in is try o f  Hea l th  Care 
and Welfare.  The M i n i s t r y ,  accord ing  t o  t h e  e x i s t i n g  r egu l a -  
t i o n s ,  i s  supposed t o  c o n t r o l  a l l  t h e  a s p e c t s  o f  h e a l t h  c a r e  
s e r v i c e s  d e l i v e r y ,  b u t  a  con t inuous  p roces s  o f  d e c i s i o n  decen- 
t r a l i z a t i o n ,  e . g . ,  p a s s i n g  some c o n t r o l s  t o  l o c a l  governing 
and p l ann ing  b o d i e s ,  i s  under way. 
Each r e g i o n  s e r v e s  a  popu la t i on  o f  about  1,500,000 on t h e  
average and c o v e r s  abou t  14,200 squa re  k i l o m e t e r s  ( o r  18,300 
sq .  k i l o m e t e r s  i f  t h e  town d i s t r i c t s  a r e  e x c l u d e d ) .  The f i v e  
l a r g e - c i t y  d i s t r i c t s  have some s l i g h t l y  unusual  f e a t u r e s .  
Usual ly  t h e y  a r e  t h e  s e a t s o f  t h e  b i g g e s t  t e a c h i n g  h o s p i t a l s .  
Also t hey  p rov ide  s t a n d a r d  s e r v i c e s  a s  w e l l  a s  some r a r e  and 
s o p h i s t i c a t e d  ones .  These a r e  u s u a l l y  expens ive ,  however, 
and r e q u i r e  s p e c i a l  f a c i l i t i e s  and a  h i g h l y  q u a l i f i e d  medical  
s t a f f .  * 
3.3. The Choice o f  Treatment C a t e g o r i e s  
Following Aspden and Rusnak ( 1980) and Aspden ( 1980) , t h e  
" t r e a t m e n t  s p e c i a l i t i e s "  approach has  been adopted ,  because 
it r e l a t e s  w e l l  t o  t h e  a v a i l a b l e  d a t a  f o r  P o l i s h  i n - p a t i e n t  
hosp i t . a l  c a r e ,  and it a l l o w s  f o r  comparisons w i t h  p r ev ious  
r e s e a r c h .  Moreover , in  Poland a s  i n  Czechoslovakia  arid t h e  
UK, most measures o f  h o s p i t a l  r e s o u r c e s  a r e  f o r  t r e a t m e n t  
s p e c i a l i t i e s .  Because a  c o n s i s t e n t  set of  d a t a  f o r  provided 
s e r v i c e s  and cor responding  r e s o u r c e s  i s  a  p r e r e q u i s i t e  of  t h e  
DRAM p a r a m e t e r i z a t i o n  p r o c e s s ,  t h e  t r e a t m e n t  s p e c i a l t y  approach 
i s  a p p r o p r i a t e  f o r  P o l i s h  i n - p a t i e n t  h o s p i t a l  c a r e  d e s c r i p t i o n .  
* 
Fu tu re  r e s e a r c h  shou ld  c o n s i d e r  t h e  "catchment p o p u l a t i o n  
v e r s u s  r e s i d e n t  p o p u l a t i o n "  problem t o  a d j u s t  b e t t e r  supp ly  
and s e r v i c e  v a r i a b l e s  f o r  t h i s  s p e c i a l  s u b s e t  o f  r e g i o n s  and 
t o  avo id  b i a s  i n  e s t i m a t i o n  (Mayhew 1981 ) . 
For t h i s  a n a l y s i s ,  on ly  t h e  g e n e r a l  h o s p i t a l s  of  t h e  
Min i s t ry  of Heal th  Care and Welfare,  which a r e  financ.ed 
by r e g i o n a l  budge ts ,  a r e  cons idered .  I n  Poland t h e r e  e x i s t  
independent h e a l t h  c a r e  systems of  t h e  army and t h e  Min i s t ry  
f o r  T ranspor t a t i on  a s  w e l l ,  b u t  t hey  a r e  f inanced  indepen- 
d e n t l y  by t h e  cor responding  m i n i s t r i e s  and provide  t h e  s e r -  
v i c e s  on ly  f o r  minor p a r t s  of t h e  popula t ion .  The a n a l y s i s  
a l s o  does  n o t  i nc lude  t h e  ma jo r i t y  of  h o s p i t a l s  p rov id ing  
s e r v i c e s  i n  r a r e  s p e c i a l i t i e s ,  which a r e  normally f inanced  
from t h e  c e n t r a l  budget .  B a s i c a l l y ,  a t  t h e  t ime of a n a l y s i s  
t h e r e  were 3 3  t r ea tmen t  s p e c i a l i t i e s  ( h o s p i t a l s  wards) de- 
f i n e d  i n  t h e  s t a t i s t i c s  o f  P o l i s h  h o s p i t a l s .  Of cou r se ,  n o t  
a l l  of  them e x i s t e d  i n  each h o s p i t a l  o r  even i n  every  r eg ion .  
The range v a r i e d  from about  30 t r e a t m e n t  s p e c i a l i t i e s  i n  
Warsaw t o  some 15 i n  r u r a l  r eg ions .  
One should r e c a l l  he re  two important  requirements  of  t h e  
DRAM pa rame te r i za t ion  process :  
- 
( a )  The parameter e s t i m a t i o n  process  w i l l  be c a r r i e d  o u t  
on c r o s s - s e c t i o n a l  r e g i o n a l  d a t a ,  which imp l i e s  t h e  
adopt ion  o f  t h e  same u t i l i t y  func t ion  Z(x ,y)  (equa t ion  
1 )  f o r  d i f f e r e n t  p o i n t s  i n  t ime and space.  
(b )  I n  t h e  DRAM formula t ion  t h e  r e sou rce  l e v e l s  a r e  t r e a t e d  
a s  cont inuous v a r i a b l e s .  
From ( a )  it fo l lows  t h a t  f o r  each chosen t r ea tmen t  ca t ego ry  
t h e  a r e a  has  t o  be s e l f  s u f f i c i e n t ,  t h u s  exc lud ing  t h e  nar-  
rower r e g i o n a l  s p e c i a l i t i e s  from t h e  a n a l y s i s .  Assumption 
(b )  imp l i e s  t h a t  t h e  b a s i c  u n i t  of  each r e sou rce  should be  
smal l  compared wi th  t h e  t o t a l  amount of r e sou rces  a l l o c a t e d  
t o  a  t r ea tmen t  ca t ego ry  and t h a t  t h e  v a r i a b l e s  used i n  DRAM 
should have reasonably  comparable magnitudes. Hence t r e a t -  
ment c a t e g o r i e s  should no t  be t o o  smal l .  
Having cons idered  t h e  above assumptions and i n d i c a t i o n s ,  
t h e  fo l lowing  set  of t r ea tmen t  c a t e g o r i e s  was chosen: 
C h i l d  s u r g e r y  
Genera l  medic ine  
Genera l  s u r g e r y  
O b s t e t r i c s  a n d  Gynaecology 
Ophthalmology 
O t o r h i n o l a r y n g o l o g y  
Traumat ic  and Or thopaed ic  Surgery  
P a e d i a t r i c s  
T h i s  is  a l m o s t  t h e  same se t  o f  t r e a t m e n t  c a t e g o r i e s  t h a t  w a s  
s e l e c t e d  by Aspden and Rusnak (1980) f o r  ~ z e c h o s l o v a k i a  and 
Aspden (1980) f o r  t h e  South  W e s t  H e a l t h  Region i n  t h e  UK -- 
t h e  o n l y  change b e i n g  t h e  i n t r o d u c t i o n  o f  c h i l d  s u r g e r y .  
The above e i g h t  t r e a t m e n t  c a t e g o r i e s  accoun ted  f o r  more 
t h a n  70 p e r c e n t  o f  t h e  t o t a l  number o f  p a t i e n t s  i n  h o s p i -  
t a l s  i n  1969 [ s e e  Rocznik S t a t y s t y c z n y  Ochrony Zdrowia 1974 
(1975) I .  
Data on t h e  numbers o f  p a t i e n t s  and on t h e  s u p p l y  l e v e l s  
of  r e s o u r c e s  f o r  each  t r e a t m e n t  c a t e g o r y  w e r e  t a k e n  from 
s t a t i s t i c a l  yearbooks  o f  t h e  Main S t a t i s t i c a l  O f f i c e ,  Roczniki  
S t a t y s t y c z n e  1969, 1970 (1970, 1971) ;  Yearbooks o f  t h e  M i n i s t r y  
o f  Hea l th  C a r e  and Wel fa re  ( B i u l e t y n y  S t a t y s t y c z n e  Ochrony 
Zdrowia 1969, 1970 (1970, 1971); and some w e r e  r e c e i v e d  from 
t h e  I n f o r m a t i o n  and Medical  S t a t i s t i c s  Uni t  o f  t h e  M i n i s t r y  
o f  Hea l th  C a r e  and Wel fa re ,  Warsaw, Poland.  
3.4.  The Resource Measures f o r  H o s p i t a l  Beds, H o s p i t a l  
Doc to r s ,  and H o s p i t a l  Nurses  
Aspden and Rusnak (1980) and Aspden (1980) have chosen 
two fundamenta l  t y p e s  o f  r e s o u r c e s  used i n  i n - p a t i e n t  hos- 
p i t a l  c a r e :  h o s p i t a l  beds  and h o s p i t a l  d o c t o r s .  They a p p e a r  
t o  be  p r o b a b l y  t h e  most i m p o r t a n t  h e a l t h  care r e s o u r c e s  f o r  
t h i s  t y p e  o f  c a r e .  But t h e  q u e s t i o n  arises whether  one s h o u l d  
n o t  a n a l y z e  t h e  impac t  o f  o t h e r  r e s o u r c e s ,  such  as h o s p i t a l  
n u r s e s ,  o p e r a t i n g  t h e a t e r s ,  and t e c h n i c a l  s u p p o r t i n g  p e r s o n n e l  
on  t h e  performance  o f  h o s p i t a l s .  The r o l e  o f  t h e  n u r s e s  w a s  
f e l t  t o  be  i m p o r t an t  enough t o  be i nc luded  i n  t h i s  a n a l y s i s .  
Moreover, it i s  worth  ment ioning t h a t ,  d e s p i t e  t h e  many common 
f e a t u r e s  and s i m i l a r i t i e s ,  which c a n  be  ana lyzed  w i t h  t h e  h e l p  
o f  DRAM, i n  h e a l t h  c a r e  management s t r u c t u r e s  and p l a n n i n g  pro-  
c e s s e s ,  s e p a r a t e ,  thorough s t u d i e s  s e e m  t o  be unavo idab le .  
DRAM p r o v i d e s  a  broad framework t h a t  a l l o w s  f o r  a  wide 
range  o f  subsystems t o  be  ana lyzed :  f o r  example, h e a l t h  c a r e  
d e l i v e r y  ( s i n g l e  d i s e a s e s ,  Gibbs 1 9 7 8 ) ,  t r e a t m e n t  c a t e g o r i e s  
(Aspden 1 9 7 0 ) ,  i n - p a t i e n t  c a r e  (Hughes 1 9 7 8 a ) ,  and o u t - p a t i e n t  
c a r e  (Hughes and W i e r zb i ck i  1980 ) .  T he re fo r e  c e r t a i n  s t e p  by 
s t e p  t e c hn i q u es  must be i n t roduced  b e f o r e  an  a n a l y s i s  c a n  beg in .  
Hea l th  c a r e  managers and medical  d o c t o r s  must be  c o n s u l t e d ,  and 
a  p r e l i m i n a r y  a n a l y s i s  ( e . g . ,  r e g r e s s i o n  a n a l y s i s  -- see s e c t i o n  
4 . 2 )  o f  i n p u t  d a t a  must be comple te ,  d e f i n i n g  t h e  modes of  c a r e ,  
r e s o u r c e  t y p e s ,  and t r e a t m e n t  c a t e g o r i e s  t h a t  r e f l e c t  t h e  pecu- 
l i a r i t i e s  o f  t h e  g iven  h e a l t h  c a r e  sys tem under c o n s i d e r a t i o n .  
A f i r s t  s t e p  i s  t o  d e c i d e  how t h e  r e s o u r c e  t y p e s  chosen 
f o r  t h e  DRAM p a r a m e t e r i z a t i o n ,  i . e , ,  h o s p i t a l  beds ,  h o s p i t a l  
d o c t o r s ,  and h o s p i t a l  n u r s e s ,  a r e  t o  be measured. There a r e  
two p o s s i b l e  r e s o u r c e  measures f o r  hosp i t a l  beds (R1; 1=1,  b e d s ) :  
( a )  a v a i l a b l e  beds ( o r  beds-days, one bed-year = 365 bed-days) 
p e r  1000 p o p u l a t i o n  i n  a  p a r t i c u l a r  a r e a  
( b )  "used"  bed-days p e r  1000 p o p u l a t i o n  i n  t h i s  a r e a  (The 
r a t i o  o f  t h e  t o t a l  number o f  days  t h a t  p a t i e n t s  spend i n  
h o s p i t a l  wards t o  t h e  r e s i d e n t  p o p u l a t i o n . )  
The a d o p t i o n  o f  any o f  t h e s e  measures de t e rmines  t h e  supp ly  
v a r i a b l e  (yjkl ;  1=1,  b e d s ) :  
( a )  a v a i l a b l e  bed-days p e r  p a t i e n t  
and 
( b )  a ve r ag e  l e n g t h  o f  s t a y  
I t  h a s  been argued i n  Aspden and Rusnak (1980) and r e p e a t e d  i n  
Aspden (1980) t h a t  t h e  f i r s t  r e s o u r c e  measure h a s  t h e  advantage  
o v e r  t h e  second,  more u s u a l  measure of  occup ied  bed-days p e r  
p a t i e n t  by e l i m i n a t i n g  t h e  s e p a r a t e  e s t i m a t i o n  o f  occupancy 
r a t e s  ( o r  e q u i v a l e n t l y , b e d  t u r n o v e r  i n t e r v a l s ) .  I n  Appendix A 
some r e g r e s s i o n  a n a l y s i s  r e s u l t s  s u p p o r t i n g  t h i s  h y p o t h e s i s  
have been b r i e f l y  p re sen ted .  
There a r e  s e v e r a l  p o s s i b l e  measures of  h o s p i t a l  d o c t o r s  
t h a t  have been p re sen ted ,  e . g . ,  i n  Aspden (1980) .  I n  t h i s  
s tudy  " t h e  number o f  h o s p i t a l  doc to r s  of  a l l  g r ades  belonging 
t o  t h e  s p e c i a l i t i e s  which t r e a t  a  p a r t i c u l a r  t r ea tmen t  ca tegory1*  
(Aspden 1980, p.10) was adopted a s  t h e  measure because it was 
t h e  on ly  one f o r  which d a t a  were a v a i l a b l e .  (The u n i t  of  mea- 
surement was taken t o  be d o c t o r  days p e r  1 0 0 0  popu la t ion ,  one 
d o c t o r  yea r  = 300 d o c t o r  days . )  This  was a l s o  t h e  measure 
used i n  Aspden and Rusnak (1980) .  
The same approach was a p p l i e d  t o  h o s p i t a l  nu r se s ,  i . e . ,  
t h e  number of  n u r s e s  ( i n c l u d i n g  a s s i s t a n t  n u r s e s )  a f f i l i a t e d  
wi th  t h e  h o s p i t a l  wards who were working wi th  p a r t i c u l a r  
t r ea tmen t  c a t e g o r i e s ,  was taken  a s  t h e  measure o f  h o s p i t a l  
nu r se s  (nu r se  days p e r  1 0 0 0  popu la t ion ,  one nu r se  yea r  = 
300 nu r se  days)  . 
Data on t h e  l e v e l s  f o r  bed, d o c t o r ,  and nurse  supply 
f o r  t h e  e i g h t  p a t i e n t  c a t e g o r i e s  under c o n s i d e r a t i o n  f o r  
each r eg ion  were r ece ived  from t h e  Informat ion and Medical 
S t a t i s t i c s  Unit  o f  t h e  Min i s t ry  of  Heal th  Care and Welfare.  The 
t o t a l s  f o r  e i g h t  t r e a t m e n t  c a t e g o r i e s ,  r e s i d e n t  popu la t ion ,  
and a r e a  se rved  f o r  each  r eg ion  a r e  given i n  Table 1 .  
* 
For example, i f  t h e  t r ea tmen t  ca tegory  i s  c h i l d  su rge ry ,  t h e  
measure would be t h e  number of d o c t o r s  w i t h i n  t h e  c h i l d  su r -  
gery s p e c i a l t y .  
T a b l e  1 .  R e s o u r c e  a v a i l a b i l i t i e s  f o r  t h e  e i g h t  t r e a t m e n t  
c a t e g o r i e s  - P o l a n d  1969.  
Avaf lab le  Avai lab le  Avai lab le  Res ident  
bed-days doc to r -days  nurse  days popu la t i on  Area s e rved  
per 1000 p e r  1000 p e r  1000 i n  thousands i n  km2 
Resion popu la t i on  popula t ion  popu la t i on  
Worszana a 
Xrakh a 
L i d f  a 


















Zielonog6re k i e  
a Large towns c o n s t i t u t i n g  independent r eg ions  f o r  a d m i n i s t r a t i v e  purposes .  
S e t  RA = r eg ions  1. 11, set F$ = reg ions  12 t 22. 
4 .  PARAMETER ESTIMATION FOR DRAM: IN-PATIENT DATA FOR POLAND 
4.1. I n t r o d u c t i o n  
The pa rame te r i za t ion  o f  DRAM w i l l  be performed f o r  s e v e r a l  
models beginning wi th  simple one-resource  models and ending 
wi th  a  t h ree - r e sou rce  model f o r  i n - p a t i e n t  h o s p i t a l  c a r e .  The 
fami ly  of models cons idered  i s  p re sen ted  i n  Table 2  and con- 
t a i n s  two models, AD and ADN, analyzed f o r  t h e  o u t - p a t i e n t  
c a r e  mode o f  t r ea tmen t  (ambulatory c a r e ) .  I n  s e c t i o n  4.2 
t h e  p re l imina ry  r e g r e s s i o n  a n a l y s i s  r e s u l t s  f o r  i n - p a t i e n t  
h o s p i t a l  c a r e  d a t a  w i l l  be p re sen ted ,  fol lowed by some remarks 
on t h e  parameter  e s t i m a t i o n  f o r  DRAM of  P o l i s h  o u t - p a t i e n t  
c a r e  d a t a  i n  s e c t i o n  4.3. S e c t i o n s  4 . 4  t o  4.10 p r e s e n t  t h e  
DRAM pa rame te r i za t ion  p roces s  f o r  models 1  t o  10,  r e s p e c t i v e l y .  
Es t imates  f o r  t h e  fo l lowing  t h r e e  groups o f  parameters  
a r e  r e q u i r e d  f o r  t h e  DRAM pa rame te r i za t ion  p roces s :  
(1 )  The i d e a l  l e v e l s  X , Y  a t  which a  p a t i e n t  would be admi t ted  
and r e c e i v e  r e s o u r c e s ,  i f  t h e r e  were no c o n s t r a i n t s  on 
r e sou rce  a v a i l a b i l i t y  
( 2 )  The power parameters  a ,  B ,  which r e f l e c t  t h e  r e l a t i v e  
importance of ach iev ing  t h e  i d e a l  l e v e l s  X and Y ( f o r  
i n s t a n c e ,  i f  an  a  i s  r e l a t i v e l y  h igh  then  it i s  r e l a -  
l a t i v e l y  more impor tan t  t o  t r e a t  t h e  corresponding X )  
(3)  The r e l a t i v e  c o s t s ,  C ,  of  t h e  d i f f e r e n t  r e s o u r c e s ,  i n  
t h i s  c a s e  h o s p i t a l  beds ,  h o s p i t a l  d o c t o r s ,  and h o s p i t a l  
nu r se s  
I n  what fo l lows  t h e  parameter s e t  { x , Y , ~ , B I  w i l l  be e s t i -  
mated from a c t u a l  a l l o c a t i o n s  of r e sou rces .  The c o s t  parame- 
t e r s ,  C ,  w i l l  be determined exogenously ( s e e  s e c t i o n  4 . 7 ) . .  
I n  e s t i m a t i n g  t h e  parameter s e t  {XIY,a,f3)the approach of  
Hughes ( 1 9 7 8 ~ )  w i l l  be fol lowed.  This  i s  desc r ibed  b r i e f l y  
i n  Appendix B. The approach assumes t h a t  each r eg ion  f o r  
each y e a r  p rov ides  an independent  d a t a  p o i n t ;  i . e . ,  t h e  same 
u t i l i t y  f u n c t i o n  Z(x ,y )  ho lds  a c r o s s  t i m e  and space .  Some 
j u s t i f i c a t i o n  f o r  t h i s  has  been given i n  Aspden (1980) .  
Table 2 .  P r e s e n t a t i o n  of DRAM models under c o n s i d e r a t i o n .  
Resources Treatment Presen ted  
Model Treatment modes t ypes  c a t e g o r i e s  i n  : 
B In -pa t i en t  h o s p i t a l  c a r e  Beds set TA s e c t i o n  4.4 
D In -pa t i en t  h o s p i t a l  c a r e  Doctors set  TA s e c t i o n  4.5 
N I n - p a t i e n t  h o s p i t a l  c a r e  Nurses set TA s e c t i o n  4.6 
BD In -pa t i en t  h o s p i t a l  c a r e  Beds set TA s e c t i o n  4.8 
Doctors 
BDN I n - p a t i e n t  h o s p i t a l  c a r e  Beds set TA s e c t i o n  4.10 
Doctors 
Nurses 
AD ou t -pa t i en t  ambulatory Doctors set  TB s e c t i o n  4.3 
c a r e  
ADN ou t -pa t i en t  ambulatory Doctors set TB s e c t i o n  4.3 
c a r e  Nurses 
S e t  TA: Child Surgery S e t  TB: 
General Medicine 
General Surgery 
O b s t e t r i c s  and Gynaecology 
Ophthalmology 
Otorhinolaryngology 
Traumatic and Orthopaedic  Surgery 
P a e d i a t r i c s  
General Medicine 
P a e d i a t r i c s  





P h t y s i a t r y  
b u t  one ha s  t o  be  c a r e f u l  w i t h  t h i s  assumpt ion.  When s t u d y i n g  
each p a r t i c u l a r  c a s e  it would be a d v i s a b l e  t o  d e c i d e  whether  
n o t  t o  s p l i t  t h e  he te rogeneous  d a t a  s e t  i n t o  some f a i r l y  p re -  
c i s e l y  d e f i n e d  (homogeneous) s u b s e t s .  
I n  t h e  p r e s e n t  s t u d y  t h e  pa ramete r  e s t i m a t i o n  p r o c e s s  was 
c a r r i e d  o u t  i n  s i x  s t a g e s .  Models w e r e  c a l i b r a t e d  f o r  bed 
s upp ly ,  d o c t o r  supp ly ,  and n u r s e  supp ly  s e p a r a t e l y  (Models 
B, D,  N ) .  Then two-resource  models ,  f o r  beds  and d o c t o r s  
(Model BD) and f o r  d o c t o r s  and n u r s e s  (Model DN) w e r e  c a l i -  
b r a t e d .  I n  t h e  end ,  t h e  most compl ica ted  t h r e e - r e s o u r c e  model 
BDN (beds ,  d o c t o r s ,  and n u r s e s )  was p r e s e n t e d .  
Before  moving on t o  t h e  pa ramete r  e s t i m a t i o n  p r o c e s s ,  it 
i s  neces sa ry  t o  e x t e n d t h e  n o t a t i o n  o f  s e c t i o n  2.  The model 
pa ramete r s  are e s t i m a t e d  from 22 d a t a  p o i n t s ;  t h e y  a r e  s p l i t  
i n t o  two d a t a  p o i n t  sets: R A -  r e g i o n s  1  + 11 and RB - r e g i o n s  
12 + 22 (see Table  1  ) . The a c t u a l  d a t a  f o r  d a t a  p o i n t  i (i E [I ,221) 
w i l l  be  r e p r e s e n t e d  a s  x. (i) , y j l  (i) w i t h  t h e  mode s u b s c r i p t  k 
3 
removed s i n c e  t h e r e  i s  o n l y  one  mode. (The s h o r t  a n a l y s i s  o f  
ambula tory  c a r e  t r e a t m e n t  mode was c a r r i e d  o u t  i n  s e c t i o n  4 . 3 , )  
Thus t h e  amount o f  r e s o u r c e  t y p e  1 used a t  d a t a  p o i n t  i i s  
F u r t h e r ,  l e t  2 . ( i )  and 9 be t h e  p r e d i c t e d  l e v e l s ,  u s i n g  
3 j  1 
DRAM w i th  a  p a r t i c u l a r  pa ramete r  se t  ( X , Y , a , B )  and r e s o u r c e  
a v a i l a b i l i t i e s  a t  d a t a  p o i n t  i. The f o l l o w i n g  measures o f  
goodnes s -o f - f i t  can  t h e n  be  d e f i n e d  
, . 
A 
ssx = 1 ( j j  w 
where w i s  t h e  weighted  a v e r a g e  o f  x .  (i) , and v i s  a weighted  j I j 1 
a v e r a g e  o f  y ( i) .  A s  a n  i n d i c a t i o n  of  t h e  g o o d n e s s - o f - f i t  o f  j 1 
DRAM, it i s  u s e f u l  t o  make t h e  f o l l o w i n g  compar isons  
A x .  (i) -w 
SSx.  w i t h  S S ~  
I 
A 
SSyjl w i t h  S S ~  = I ( j l  
To f a c i l i t a t e  f u r t h e r  compara t ive  a n a l y s i s  t h e  f o l l o w i n g  
measures f o r  i n d i v i d u a l  t r e a t m e n t  c a t e g o r i e s  have been i n t r o -  
duced and c a l c u l a t e d :  
-- f o r  c o v e r  ( t h e  number o f  p e r s o n s  p e r  1000  p o p u l a t i o n  who 
r e c e i v e  c a r e )  x .  (i) 
I 
A 
s s x ,  
J g f x j  = -
ssx j 
-- f o r  s u p p l y  l e v e l s  Y ~ I ~ )  
-- f o r  t h e  chosen model 
A A 
ssx j + F " Y j l  
I 
t g f j  = ssx + ssx + + j ~ z  
j j l  
For  t h e  chosen model and  c e r t a i n  group 3 o f  t r e a t m e n t  c a t e -  
g o r i e s  (TI c 5) t h e  f o l l o w i n g  r a t i o  w i l l  be c a l c u l a t e d  
h 
I ssxj  + f SSY 
,€TI 
t g f  (3') = j 1 A I I I ssxj + I ssy 
j €7' 1 ,I /  
4 . 2 .  P r e l i m i n a r y  Regress ion  A n a l y s i s  o f  t h e  Data f o r  
I n - P a t i e n t  H o s p i t a l  Care 
Before  c a r r y i n g  o u t  t h e  e s t i m a t i o n  p r o c e d u r e  p r e s e n t e d  
i n  t h e  p r e v i o u s  s e c t i o n ,  it i s  u s e f u l  t o  examine t h e  r e s u l t s  
o f  s imple  l i n e a r  r e g r e s s i o n  a n a l y s e s  performed f o r  each  t r e a t -  
ment c a t e g o r y  and r e s o u r c e  t y p e  i n d e p e n d e n t l y .  O f  c o u r s e  one 
s h o u l d  f i r s t  examine t h e  c o v e r ,  t h e  number o f  h o s p i t a l i z e d  
p e o p l e  and t h e  bed s u p p l y  f o r  each  t r e a t m e n t  c a t e g o r y  a g a i n s t  
t h e  t o t a l  h o s p i t a l  bed s u p p l y  f o r  a l l  e i g h t  c a t e g o r i e s  a s  w e l l  
a s  f o r  h o s p i t a l  d o c t o r s  and n u r s e s .  
The one- resource  v e r s i o n  o f  DRAM assumes t h a t  f o r  e a c h  
p a t i e n t  c a t e g o r y ,  t h e  c o v e r  and supp ly  l e v e l s  p e r  p a t i e n t  
s h o u l d  m o n o t o n i c a l l y  i n c r e a s e  a s  t o t a l  r e s o u r c e  s u p p l y  i n -  
c r e a s e s .  T h e r e f o r e  t h e  fo l lo tv ing l i n e a r  r e g r e s s i o n  models 
have been ana lyzed :  
where 
K is the matrix of cover and type 1 resource supply 
-1 
A1 and El are the matrices of constants and slope coefficients 
- 
of regression, respectively. 
M is a matrix of total availability of type 1 resource 
-1 
E represents uncorrelated errors with normal distribution 
-1 
The regressions have been carried out for 22 data points, 
hence the variables xj, yjl, R are vectors with 22 elements. 
In Tables 3a - 3c the regression models for all three 
resource types have been presented as well as the regression 
coefficients with corresponding standard errors and r2 coeffi- 
cients. The cover and supply resources for treatment category 
j are as follows: 
x = cover: numbers of individuals per 1000 population j 
receiving some health care service 
yjl = bed supply: supply of bed-days received by each 
individual 
Yi 2 = doctor supply: supply of doctor-days received by 
- 
each individual 
Yj 3 = nurse supply: supply of nurse-days received by 
each individual 
The total resource availability measures are: 
R1 = total available bed-days per 1000 population for 
eight treatment categories 
R2 = total available doctor-days per 1000 population 




R3 = t o t a l  a v a i l a b l e  nurse-days  p e r  1000 p o p u l a t i o n  f o r  
e i g h t  t r e a t m e n t  c a t e g o r i e s  
I n  Tab le  3 c e r t a i n  c r u d e  c a t e g o r i z a t i o n s  o f  r e g r e s s i o n  
models a r e  i n t r o d u c e d  based  on r e g r e s s i o n  v a l u e s :  
2 
set  B r e f e r s  t o  a  bad o r  v e r y  bad r e g r e s s i o n  - r - <0.100 
2 
se t  M r e f e r s  t o  a  weak r e g r e s s i o n  - 0 .100<r  <0.500 
set  G r e f e r s  t o  a  good r e g r e s s i o n  - 0 . 5 0 0 < r  2 
- 
T h i s  t a b l e  w i l l  s e r v e  a s  a  r e f e r e n c e  p o i n t  f o r  DRAM p a r a m e t e r i -  
z a t i o n ,  e s p e c i a l l y  f o r  one- resource  models ( B ,  D ,  and N), a l -  
though one  s h o u l d  n o t  e x p e c t  s i g n i f i c a n t l y  b e t t e r  r e s u l t s  o f  
DRAM ( i . e . ,  s m a l l  v a l u e s  f o r  g o o d n e s s - o f - f i t )  f o r  t h e s e  t r e a t -  
ment c a t e g o r i e s  where t h e r e  i s  a  bad o r  no  r e g r e s s i o n a l  r e l a -  
t i o n s h i p  (se t  B )  . 
4 . 3 .  Remarks on  t h e  Paramete r  E s t i m a t i o n  f o r  DRAM f o r  P o l i s h  
O u t - P a t i e n t  Care Data 
The f o l l o w i n g  t r e a t m e n t  c a t e g o r i e s  ( i n  t h e  ambula to ry  
c a r e  t r e a t m e n t  mode),  f o r  which c o n s i s t e n t  d a t a  w e r e  a v a i l -  
a b l e ,  have been chosen:  
Genera l  med ic ine  
P a e d i a t r i c s  
O b s t e t r i c s  and gynaecology 
Ophthalmology 
Otorh ino la ryngo logy  
Genera l  s u r g e r y  
Dermatology 
P h t y s i a t r y  
The s e r v i c e s  p r o v i d e d  by ambula tory  c a r e  u n i t s  have been mea- 
s u r e d  i n  number o f  c o n s u l t a t i o n s  p e r  head o f  p o p u l a t i o n .  
Doctors  and n u r s e s  working i n  o u t - p a t i e n t  c a r e  u n i t s *  were 
* 
Only ambula tory  c a r e  f a c i l i t i e s  i n  towns were c o n s i d e r e d .  
They p r o v i d e d ,  however,  a l l  t h e  s p e c i a l i z e d  s e r v i c e s  f o r  
t h e  t o t a l  r e s i d e n t  p o p u l a t i o n  ( i n c l u d i n g  i n h a b i t a n t s  o f  
r u r a l  a r e a s ) .  
t a k e n  a s  t h e  most i m p o r t a n t  r e s o u r c e s  -- t h e  measurement u n i t s  
b e i n g ,  r e s p e c t i v e l y ,  doc to r -days  and nurse-days .  The p r e l i m i -  
n a r y  r e g r e s s i o n  a n a l y s i s  o f  t h e  t y p e  proposed i n  s e c t i o n  4.2 
i n d i c a t e s  t h a t  t h e r e  i s  r e a l l y  no r e l a t i o n s h i p  between t o t a l  
a v a i l a b l e  nurse-days  and s e r v i c e  o r  s u p p l y  l e v e l s .  The s i t u -  
a t i o n  f o r  doc to r -days  i s  s l i g h t l y  more encourag ing  b u t  exami- 
n a t i o n  o f  Table  4 ,  where t h e  r e g r e s s i o n  a n a l y s i s  r e s u l t s  a r e  
p r e s e n t e d ,  l e a v e s  no d o u b t s  t h a t  t h i s  model f o r m u l a t i o n  d o e s  
n o t  f i t  t h e  DRAM framework. 
I n  p a r t i c u l a r  t h e  r e g r e s s i o n s  o f  d o c t o r  s u p p l y  on t o t a l  
a v a i l a b l e  doc to r -days  i n  e a c h  t r e a t m e n t  c a t e g o r y  a p p e a r  t o  be  
o f  a n  e x t r e m e l y  low e x p l a n a t o r y  v a l u e .  On t h e  c o n t r a r y ,  re- 
g r e s s i o n s  f o r  c o v e r ,  i . e . ,  number o f  c o n s u l t a t i o n s ,  a r e  v e r y  
good. 
The DRAM p a r a m e t e r i z a t i o n  p r o c e s s  c a r r i e d  o u t  f o r  t h e  
above-mentioned t r e a t m e n t  c a t e g o r i e s  and r e s o u r c e  t y p e s  
( f i r s t l y ,  a  one- resource  model f o r  d o c t o r s  -- Model AD - - , and  
t h e n  a  two-resource  model f o r  d o c t o r s  and n u r s e s  -- Model ADN) 
suppor ted  t h e  h y p o t h e s i s ,  r e s u l t i n g  f rom r e g r e s s i o n  a n a l y s e s ,  
t h a t  b o t h  models had v e r y  poor  g o o d n e s s - o f - f i t  c h a r a c t e r i s t i c s .  
T h e r e f o r e  t h i s  p a p e r  i s  l i m i t e d  t o  t h e  i n - p a t i e n t  h o s p i t a l  
c a r e  mode o f  t r e a t m e n t .  
4 . 4 .  Paramete r  E s t i m a t i o n  f o r  DRAM w i t h  One Resource:  
H o s p i t a l  Beds 
The p a r a m e t e r s  o f  t h e  model w e r e  e s t i m a t e d  u s i n g  t h e  pro-  
c e d u r e  d e s c r i b e d  i n  Appendix B.  These e s t i m a t i o n s  a r e  examined 
i n  t h e  n e x t  new s e c t i o n s ,  which u s u a l l y  b e g i n  w i t h  a  t a b l e  o f  
DRAM paramete r  e s t i m a t e s  and a r e  fo l lowed  by g r a p h s ?  g i v i n g  t h e  
c o v e r  and supp ly  l e v e l s  p e r  p a t i e n t  (observed and p r e d i c t e d ) ,  
p l o t t e d  a g a i n s t  t o t a l  r e s o u r c e  a v a i l a b i l i t y  p e r  1000  p o p u l a t i o n  
f o r  each  o f  t h e  22 d a t a  p o i n t s .  Only f o u r  t r e a t m e n t  c a t e g o r i e s  
a r e  p r e s e n t e d  on each  g raph  f o r  c l a r i t y .  The a c t u a l  d a t a  p o i n t s  
-- 
* 
There a r e  no g r a p h s  f o r  two- and t h r e e - r e s o u r c e  models .  
Table 4. Regression analysis for out-patient care: resource type - doctors 
Treatment category oonatant elope 00n~tent elope 
.* .2 
(at anderd error) (etenderd error) (etanderd error) (etendard error) 
General medicine 
Paediatrics 
Obstetrics and 0.043 0.001 0.878 49.722 0.049 0.141 
qynaecology 1(0.013) (0.000) (3.120) (0.027 ) 
0.007 0.001 0.806 50.652 -0.047 b 0.092 
Ophthalmology 
(0.015) (0.000) 13.820) (0.033) 
0.014 0.001 0.860 49.116 -0.039~ 0.061 
Otorhinolaryngology 
(0.01 1) (0.000) (4.005) (0.034 
0.092 0.031 0.499 23.1;6 0.046 
General surgery 
(0.034 (0.000) (2.373) (0.020) 
Dermatology 
0.050 0.001 0.-379 66.825 0.039 0.012 
Phtysiatry 
(0.017) (0~000 1 (9.153) (0.079) 
a Cover refers to the number of persons per 1000 population who receive care. 
b A negative value of the slope coefficient i s  contrary to the basic DRAM assumption that i f  resources 
increase more patients w i l l  recieve care. 
a r e  denoted by numbers; t h e  v a l u e s  o b t a i n e d  from t h e  models 
(one-resource  t y p e  models) a r e  denoted by a c i rc le  around 
t h e  t r e a t m e n t  c a t e g o r y .  The key f o r  i n - p a t i e n t  h o s p i t a l  c a r e  
t r e a t m e n t  c a t e g o r i e s  remains t h e  same th roughout  t h e  paper  
b u t  it w i l l  be r e p e a t e d  h e r e  f o r  convenience:  
Chi ld  s u r g e r y  
General  medic ine  
General  s u r g e r y  
O b s t e t r i c s  and gynaecology 
Ophthalmology 
Otorh ino la ryngology  
Traumatic and o r thopaed i c  s u r g e r y  
P a e d i a t r i c s  
The c r o s s e s , s e e n  on some o f  t h e  g r aphs ,  deno t e  p l a c e s  where 
more t h a n  one d a t a  p o i n t  from a d j a c e n t  t r e a t m e n t  c a t e g o r i e s  
have t h e  same v a l u e s .  The t a b l e s  g i v i n g  DRAM paramete r  est i -  
mates c o n t a i n :  
- - The paramete rs  f o r  t h e  cover  ( X , a )  with  cor responding  
A 
measures o f  goodness -of - f i t  (SSx SSF g f x j :  Y j E T  - 
1' j  ' 
see s e c t i o n  4.1 ) 
-- The paramete rs  f o r  t h e  supp ly  l e v e l s  (Y,@) w i t h  co r -  
h 
responding  measures o f  goodness-of - f i t  (SSyj l ,  S S ~ ~  l ,  
g f y j l ;  I Y1 - see s e c t i o n  4.1)  fo l lowed  by t h e  
aggrega ted  measures o f  goodness -of - f i t  t g f  . (+ jE3) 3 
and t e rmina t ed  by t h e  r ank ing  m a t r i x  (goodness -of - f i t  
measures a r e  o rde red  by i n c r e a s i n g  v a l u e s )  
I n  a d d i t i o n  t h e  v a l u e s  o f  t g f  (3) and t g f ( 3 ' )  * a r e  p re -  
s e n t e d  -- acco rd ing  t o  t h e  d e f i n i t i o n s  o f  s e c t i o n  4.1. The 
f i r s t  pa ramete r  e s t i m a t i o n  d e a l s  w i th  h o s p i t a l  beds .  Table  5 
g i v e s  t h e  DRAM e s t i m a t e s  f o r  P o l i s h  i n - p a t i e n t  h o s p i t a l  c a r e  
u s i n g  a one-resource  model. F igu re s  1 and 2 i l l u s t r a t e  t h e  
h o s p i t a l i z a t i o n  r a t e s  and supply  l e v e l s  p e r  p a t i e n t  p l o t t e d  
a g a i n s t  t h e  t o t a l  bed-days a v a i l a b l e  p e r  1000 p o p u l a t i o n  i n  
Poland.  
* 
Subse t  3 ' = { 2 , 3 , 4 )  was chosen because ,  a s  seen  i n  s e c t i o n  4.11,  
t h e s e  t r e a t m e n t  c a t e g o r i e s  w e r e  used f o r  p r e d i c t i o n  purposes .  
Table 5. One-resource (hospital beds) DRAM parameter estimate6 for Polish 
in-patient hospital care. 
o over^ S u p p l y  l e v e l s :  b e d s  
- Ranking f o r :  
Treatment ca tegory  xj d j  ssij ssij gfxj t g f j  
*ji B j i  ssjji ~ ~ 5 1  gfyj i  .- M" 2- %- 
%I 
M Y +  
.- 
Child  s u r g e r y  4 1  3.39 90519 11.696 0.814 21.0 9.59 0?826 0.966 0.856 0.817 5 4 4 
General  medicine 
General  su rge ry  26.5 6.27 0.783 0.638 1.227 19.3 13.94 0.484 0.768 0.630 0.901 7 2  5 
O b s t e t r i c s  and 46.0 5.02 0.851 1.441 0.299 10.0 15.32 0.246 0.269 0.913 0.466 1 5 1 
gynaecology 
Ophthalmology 
Otorhinolaryngology 14.1 0.29 2.067 4.601 0.449 43.6 1.00 3.700 1.018 3.636 1.026 2 8 6 
Tral-lmatic and Ortho- 19.1 0.001 8.543 9.111 0.938 58.1 1.00 2.752 1.849 1.489 1.030 6 7 7 
p a ~ d i c  su rge ry  
P a e d i a t r i c s  14.1 4.37 1.891 1.606 1.177 22.7 19.28 0.526 0.665 0.791 1.064 8 3 8 
'cover refers t o  the number of persons per 1000 population who receive care. 
ii a 
+ oa, 
'$ m 3 
' T O  a,k 
: HE 4 J a I  
a II) 




4.5. Parameter  E s t i m a t i o n  f o r  DRAM w i t h  One Resource:  
H o s p i t a l  Doctors  
The pa ramete r  e s t i m a t e s  f o r  h o s p i t a l  d o c t o r s  a r e  g iven  i n  
Table  6 .  F i g u r e s  3 and 4 g i v e  t h e  h o s p i t a l i z a t i o n  r a t e s . a n d  
supp ly  l e v e l s  p e r  p a t i e n t ,  bo th  a c t u a l  and from t h e  model 
( u s i n g  t h e  p a r am e t e r s  i n  Table  6 )  p l o t t e d  a g a i n s t  t o t a l  a v a i l -  
a b l e  doc to r -days  p e r  1000 p o p u l a t i o n  f o r  each  o f  t h e  22 d a t a  
p o i n t s .  
4.6. Parameter  E s t i m a t i o n  f o r  DRAM w i t h  One Resource:  
H o s p i t a l  Nurses 
The pa ramete r  e s t i m a t e s  f o r  h o s p i t a l  n u r s e s  a r e  g iven  i n  
Table  7. F i g u r e s  5  and 6  g i v e  t h e  h o s p i t a l i z a t i o n  r a t e s  and 
supp ly  l e v e l s  p e r  p a t i e n t ,  bo th  a c t u a l  and from t h e  model 
( u s i n g  t h e  p a r am e t e r s  i n  Table  7 )  p l o t t e d  a g a i n s t  t o t a l  nurse -  
days  p e r  1000 p o p u l a t i o n  f o r  each o f  t h e  22 d a t a  p o i n t s .  
4.7. Cost  R a t i o  E s t i m a t i o n  f o r  Two- and Three-Resource Models 
To c a l c u l a t e  t h e  p a r ame te r s  f o r  DRAM w i t h  more t h a n  one  
r e s o u r c e ,  it  i s  n e c e s s a r y  t o  e s t i m a t e  t h e  r a t i o  o f  t h e  marg ina l  
c o s t s  o f  t h e s e  r e s o u r c e s  (C1 i n  s e c t i o n  2 )  when a l l  needs  f o r  
h e a l t h  c a r e  a r e  m e t .  The c a l c u l a t i o n  o f  t h i s  r a t i o  w i l l  be 
performed u s i n g  av e r ag e  c o s t s .  I t  i s  assumed t h a t  t h e  aggre-  
g a t e  c o s t  f u n c t i o n  o f  many h o s p i t a l  u n i t s  -- c h a r a c t e r i z e d  
u s u a l l y  by n o n - l i n ea r  c o s t  f u n c t i o n s  -- cou ld  be approximated 
by average  c o s t  (Hughes and Wierzb ick i  1980 ) .  
Following t h e  approach by Aspden (1980 ) ,  t h e  ave r age  
t o t a l  c o s t  p e r  p a t i e n t  i n  g e n e r a l  h o s p i t a l s  i n  Poland i n  1971* 
is :  
The averaqe  c o s t s  do n o t  v a r y  much; t h u s  t h e  a v a i l a b l e  d a t a  
from 1971 have been t a k e n  a s  a  c rude  e s t i m a t e  o f  c o s t  r a t i o  
f o r  1969 and 1970. 
Table 6. One-resource (hospital doctors) DRAM parameter estimates for Polish 
in-patient hospital care. 
 over^ Supply l a v e l s :  d o o t o r ~  Ranking for: 
h' 
Treatment category X j  d j  3 s t j  S S ~ .  e f x j  Yj2 PJ2 ss?J2 S S r j 2  gfYj2 
(u 
b- ,"- m i  
r 








Traunatic and ortho- 
paedic sarqery 
Paedi a t r i c s  18.2 2.50 3.052 1.606 1.900 3.2 3.73 1.797 3.835 0.463 0.891 8 4 7  
a Cover r e f e r s  t o  the number of persons per 1000 population who receive care.  
b 
tg f  (y) = 0.6936 


























z l o t i e s  
Medical  and n u r s i n g  s t a f f  1291.0 (Kd+KN) 
Medical  s u p p l i e s  406.0 ( K S )  
C a t e r i n g  288.0 ( K c )  
General  s e r v i c e s  ( admin i s t r a -  488.0 ( K G )  
t i o n ,  domes t i c ,  e s t a t e  manage- 2433.0 
ment, etc . )  (TOT) 
From t h e  a n a l y s i s  o f  su p p ly  d a t a ,  t h e r e  i s  on average  17 bed- 
days  (bd) , 2.5 doc to r -days  (dd) , and 3.5 nurse-days  (3) p e r  
p a t i e n t  f o r  a l l  e i g h t  p a t i e n t  c a t e g o r i e s  under c o n s i d e r a t i o n .  
I f  one d e n o t e s  t h e  u n i t  c o s t  o f  r e s o u r c e s ,  i . e . ,  t h e  
c o s t s  o f  bed-day, doc to r -day ,  and nurse-day by cbd ,  cdd 
cnd,  r e s p e c t i v e l y ,  t h e n  
Kd = cdd (dd) 
Kn = cnd (2) 
and a s s i g n i n g  a l l  t h e  o t h e r  c o s t s  t o  beds 
TOT - (Kd+Kn) = cbd (bd) 
From t h e  a n a l y s i s  o f  av e r age  monthly s a l a r i e s  o f  medical  and 
n u r s i n g  s t a f f  it  f o l l o w s  t h a t  
cdd : cnd - 5 : 3 
Hence it can  be c a l c u l a t e d  t h a t  
cdd - 
- -  
Kd bd 
cbd TOT - (Kd+Kn) a 
For t h e  remainder  o f  t h e  paper  it i s  assumed t h a t  C1:C2 :C  = 3 
This  r a t i o  was used i n  t h e  DRAM paramete r  e s t i m a t i o n  p rocedures  
f o r  two- and t h r e e - r e s o u r c e  models.  A d e t a i l e d  c o s t  a n a l y s i s  
may be worthwhi le ;  however, it r e q u i r e s  more f i n a n c i a l  d a t a  
t o  be c o l l e c t e d  and ana lyzed  i n  c l o s e  c o l l a b o r a t i o n  o f  h e a l t h  
c a r e  budget  p l a n n e r s .  
4.8. Parameter Es t imat ion  f o r  DRAM with  Two Resources: 
Hosp i t a l  Beds and Hosp i t a l  Doctors 
Using t h e  e s t i m a t e s  of  t h e  bed-doctor c o s t  r a t i o  de r ived  
i n  t h e  prev ious  s e c t i o n ,  t h e  parameters  f o r  t h e  two-resource 
v e r s i o n  of  DRAM (Model BD) were e s t ima ted  and a r e  given i n  
Table 8. A comparison of  t h e  gfx  and gfy  (1E{ 1 ,2 )  ) r a t i o s ,  j j 1 
between t h e  two-resource model (Model BD) and t h e  two one- 
resource  models ( B  and D )  i s  given i n    able 9. 
4.9. Parameter Es t imat ion  f o r  DRAM wi th  Two Resources: 
Hosp i t a l  Doctors and Hosp i t a l  Nurses 
Using t h e  above-mentioned e s t i m a t e s  of  t h e  doc tor /nurse  
c o s t  r a t i o ,  t h e  parameters  f o r  ano the r  two-resource ve r s ion  
of  DRAM (Model D N )  were e s t ima ted .  The r e s u l t s  a r e  given i n  
Table 1 0 .  A comparison of  t h e  g fx  and gfy  (1E{2,3))  r a t i o s ,  j j l  
between t h e  two-resource model DN and t h e  two one-resource 
models D and N i s  given i n  Table 1 1 .  
4.10. Parameter Es t imat ion  f o r  DRAM with  Three Resources : 
Hosp i t a l  Beds, Hosp i t a l  Doctors,  and Hosp i t a l  Nurses 
F i n a l l y  t h e  model wi th  a l l  t h r e e  r e sou rces  under cons i -  
d e r a t i o n  -- beds,  d o c t o r s ,  and nurses  -- was parameter ized .  
The parameter e s t i m a t e s  f o r  model BDN a r e  given i n  Table 1 2 .  
The usua l  c o m p a r i s o n o f t h e  g fx  and gfy  ( lE{1 ,2 ,3) )  r a t i o s ,  j j 1 
between t h e  t h ree - r e sou rce  model BDN and t h e  t h r e e  one-resource 
models B,  D,  and N i s  given i n  Table 13. 
4 . 1 1 .  Conclusions 
Seve ra l  models have been analyzed f o r  P o l i s h  i n - p a t i e n t  
h o s p i t a l  c a r e .  Some comparisons o f  t h e  models'  r e s u l t s  wi th  
a c t u a l  va lues  have been c a r r i e d  o u t  i n  s e c t i o n s  4.8-4.10 ( s e e  
Table 8. Two-resource (hospital beds and hospital doctors)-DRAM 
parameter estimates for Polish in-patient hospital care. 
T r e a t m e n t  C o v e r a  ~ u p ? l y  1cveI.s:  beds  
category 
x j. 4 S C P ~  ssx gfxj yjl B j~ S S ~ ; ~ ~  3 7 : ~  J 6 f ; c j l  
oyht alcolo;7 5.8 
"L'::ui:iatic r ~ n d  
~ r , ~ h o p e e t i i c  sur- 17.6 
g2ry  
OSrjte1;ri.c~ and 
ggnnccology 1, 1 
Ophtalmology 4.4. 
Trzimutic and 
0:-f topaedic sui-[;cry 5'6 
Fiediatrics 3.3 
0.760 5 4 B G  
0.2.70 4 1 1 1  
0.399 6 2 2 2  
0.4 Q'I 1 5 . 3 3  
0.526 2 6 5 4  
I. 963 j e 7 8  
1. 076 7 7 6 7  
0.655 8 / 1 5  
a Cover r e f e r s  t o  t h e  number o f  persons  p e r  1030 p o p u l a t i o n  who r e c e i v e  c a r e .  
b t g f  (TI = 0.8797 
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Table 10. Two-resource (hospital doctors and hospital nurses) 
DRAM parameter estimates for Polish in-patient 
hospital care. 
C ~ o r h i r o l . c r y n ~ o -  
l o g  15.0 0.61 2.353 4.601 0.514 2.1 8.4.0 11..073 5.C:~l 0.004 
Yre  c i:.ye?.i: Supply  !.cvcls: nurses b Rank*: 5 f ccr, : 
c a t c  ~;c..r:, - tgCj 
- r 4  r l  
SS5j3 SSyjj  g Q j 3  x .n ' ra  
' ~ 3  P j 3  , $ 2  P, 
@ O + J  
r . .  , . C‘ t C k 2 i C L ;  a d  
g,;.nr;r;colo:;i 1.8 9.37 0.736 0.495 4 0.523 2 2 7 4 
C : ! h t ~ ! . n o l o ~ ~  5.9 9. j 3  1.31 1.819 0.924 0.1:sS 1 5 j  4. 2 
a 
Cover re fe rs  t o  the number of persons per 1000 p ~ p u l a t i o n  who receive care. 
btgf (T) = 0.7403 





























































































































































4' 3 s  





Table 1 2 .  Three-resource ( h o s p i t a l  beds ,  h o s p i t a l  d o c t o r s ,  
and h o s p i t a l  nu r se s )  DRAM parameter  e s t i m a t e s  f o r  
P o l i s h  i n - p a t i e n t  h o s p i t a l  c a r e .  
c o v e r a  Sugply ievele:  5363 
T:oa tnent  catego-zy 
Xj dj SS, S S ~  gfx j  Y3: pjl SS;. J~ BSrjl ~ f r ~ ;  
Supply lavsle: doctsra Supply lsvsla: nuzsas :onking for: 
Tzaatcslt cata~ory b tzf, r C, n 
Yj2 p:2 ssjj2 %rj2 EZY:~ Yjj Pj3 38<3 g f ~ : ~  M" k" .? hq u7 
t; a t s 
i;::errL:~ sct 
rj . ..- - "olJz 
a Cover refers to  the number of persons per loOO population who receive care. 


















